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1. Introduction
Fire has influenced landscapes throughout the ages 
and all over the world. However, the severity of fires 
is dependent, among other factors, on the ecosystem 
and meteorological conditions. With the appearance 
of humans, fire frequency increased dramatically. The 
combination of human initiated fire and natural fires, 
such as those caused by lightning, can alter habitats 
dramatically.
In Europe the most fire-adapted biogeographical 
region is the Mediterranean basin. Kras, as a sub-
Mediterranean region in Slovenia, is very sensitive 
to fires (Global Fire Initiative 2004). By the 15th 
century, Kras had been deforested by humans and 
sheep and was only covered by stones. Kras became 
overgrown again due to forestation of Austrian Pine 
Pinus nigra and natural vegetation (mainly oaks 
Quercus sp.) The depopulation of the countryside 
and the abandonment of pastures and meadows in 
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more recent decades accelerated the succession. The 
accumulation of woody material, like dry bushes and 
needles from Austrian Pine (so-called fuel), increases 
the chance of fire in Kras. 
One of the methods of preventing wildfire is 
prescribed fire. Prescribed fire has already been used 
for a few centuries in Central Europe (Goldammer 
& Page 2000). It varies from burning garbage to 
burning large patches for agriculture. However with 
the increasing fear of fire, these practices disappeared. 
Nowadays prescribed burning is also suggested for 
nature conservation (Global Fire Initiative 2004). 
First of all, flammable fuel can be removed with 
smaller prescribed fires. Secondly, the destructiveness 
of fire can create new local habitats which can increase 
regional biodiversity (Moreira et al. 2003). Moreover, 
the increase of open areas could attract endangered 
open area birds such as Tawny Pipit Anthus campestris 
and Ortolan Bunting Emberiza hortulana (Pons & Bas 
2005).
As a reaction to the awareness of using fire for 
conservation purposes, much research has been done 
on this phenomenon. This review will focus mainly 
on the consequences of fire for birds, with a special 
focus on the possibility of fire as a management tool 
on Kras. Only one report on birds in Slovenia takes a 
sub-Mediterranean ecosystem into account (Geister 
1999), so we have included research from comparable 
ecosystems.
2. Study area
Kras is an area located in the southwest of Slovenia. 
It is divided between Italy and Slovenia and has a 
sub-Mediterranean climate. It is a limestone area and 
karstic phenomena exist in most parts, so that there is 
almost no surface water. 
Kras supports a wide variety of vegetation types due 
to human management and exploitation. In former 
times most of it was covered by pastures and meadows 
but nowadays it is slowly becoming overgrown with 
scrub of a variety of species, depending on the local 
(and very variable) climate. Moreover, Kras is largely 
covered by Austrian Pine, which was planted in the 
18th century by Austrians (Kranjc 1997).
Over the last six years, 15.5 ha on average of 
Primorska, the southwesteren province of Slovenia, 
was burned annually ([ipec et al. 2000, [ipec & Babic 
2001, [ipec & Babic 2002, [ipec & Babic 2003, [ipec 
& Babic 2004, [ipec & Krupenko 2005). Although 
the burned area is a small percentage of the province, 
large parts, such as Sne`nik and urban areas, are less 
fire-prone, while most wildfires occur in the dryer Kras 
region.
3. Fire as a management tool
Fire is a phenomenon full of possibilities for nature 
management, as can already be seen with wildfires. 
Factors like size, intensity, frequency and season can 
interact and have different individual effects and, 
further, can easily be adapted. A higher frequency of 
fires for instance can take the ecosystem back into 
succession (reviewed in Boerwinkel et al. 2004). 
With the necessary experience and the right 
conditions, the intensity of a fire can be adapted with 
burning against (back fire) and with (head fire) the 
wind. The effects however are completely different. 
Back fires are known to be much hotter and go deeper 
into the ground, with detrimental effects for the litter 
layer, the seed banks and sheltering ground arthropods. 
The head fire, on the other hand, is used for burning 
the woody species, as they develop high temperatures 
in the upper flame ranges (up to 1000˚C) and run 
fast through the vegetation, leaving the soil layer 
incompletely burned (reviewed in Boerwinkel et 
al. 2004). The burned area can vary, resulting from 
fires that create heterogeneity at the micro habitat 
scale to large fires at the landscape level (reviewed in 
Boerwinkel et al. 2004). 
Another important factor which should be taken into 
account is the season in which burning occurs. On Karst 
for instance one can identify a dry and a wet season. 
The dry season will often result in hot fires, which burn 
everything, whilst the wet season results in less hot fires 
with less complete burns (reviewed in Boerwinkel et al. 
2004).
All these factors can interact, producing different effects on 
the ecosystems. Another important factor is the amount 
of the fuel (e.g. dry wood, bushes, leaves etc.). The spatial 
heterogeneity in fuel will also give heterogeneity in fire 
intensity and burned area size (reviewed in Boerwinkel 
et al. 2004). However, one has to be very careful with fire 
and therefore guidelines are issued by many authorities 
(Nature Conservancy 2007).
4. Effect of fire on birds
4.1. Direct effect
The direct consequences of fire depend on the severity, 
uniformity and season of the burn (Kruse & Piehl 
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1986, Lehman & Allendorf 1989, Robbins & Myers 
1992, Smith 2000). During the fire, mortality, fleeing, 
disorientation and even attraction can occur.
The mortality among adults is relatively low, as 
they can easily escape (Rotenberry et al. 1995, Finch 
et al. 1997, Smith 2000). However a fire during the 
breeding season has detrimental effects on nestlings 
and fledglings (Patton & Gordon 1995, Finch et al. 
1997, Smith 2000). In other cases breeding success 
may be reduced due to reductions in food supply 
(Patton & Gordon 1995, Finch et al. 1997). 
Another consequence is attraction. Swallows are 
known to hunt near the smoke as there are lots of 
insects, whilst raptors and scavengers may search for 
carcasses behind the fire (reviewed in Pons 2002).
4.2. Post-fire dynamics
Pons (2002) has already pointed out that the 
population dynamics after fires are mainly influenced 
by colonisation, emigration, site tenacity, philopatry, 
and local breeding success (Table 1). However, we 
must first examine how the bird community reacts to 
fire and try to explain this with the above mentioned 
population dynamics.
In the first or second year after stand replacing fires, 
several studies have found that there is a decline of 
bird abundance and species richness in Mediterranean 
shrubland and in several types of pine forest (Prodon 
et al. 1987, Pons & Prodon 1996, García 1997, Izhaki 
& Adar 1997, Smith 2000, Moreira et al. 2003). In 
the first years the turnover rate was also faster than 
in later years (Izhaki & Adar 1997). Izhaki & Adar 
(1997) found that, in a burned forest of Aleppo Pine 
Pinus halepensis, species richness increased when 
compared with the surrounding unburned areas. After 
the usual initial decline, there were different patterns 
for the species richness, varying from increase (Pons 
& Prodon 1996) to no change (Wilson et al. 1995, 
Artman et al. 2001) or even decrease (Pons 1999). One 
study even reports species richness and abundance 
higher than that of the surrounding unburned control 
habitats (Herrando et al. 2002a). Contrasting results 
have been found regarding seasonal variability, varying 
from low difference of species richness in burned 
areas (Izhaki & Adar 1997) to low species richness in 
winter but high in the breeding season (Herrando 
et al. 2002b). Depending on the vegetation type it is 
estimated that bird species composition and richness 
can recover after 1 year in dry grassland, some 15 
years in a Cork Oak Quercus suber forest and probably 
around one century in a mature Evergreen Oak 
Quercus ilex forest (Prodon 1988).
Although it is assumed that, in parallel with the 
alteration of the habitat, the species composition also 
may change dramatically, Herrando et al. (2002a) 
found no temporal shift between the first and the 
sixth year after a fire. Moreira et al. (2003) suggest 
that the fire-created scrublands provide habitats 
for specialists that would otherwise be unavailable. 
Increasing numbers of insectivores (Izhaki & Adar 
1997), granivorous and omnivorous bird species 
(Bendell 1974, Woinarski 1990) were found on the 
burned sites. The burned area can also be used as a 
hunting site for scavengers and birds of prey, because 
prey is more abundant or more exposed. However, 
forest species are also often still observed in the 
burned areas. With forest fires, ground-dwelling bird 
populations are likely to be affected by fires of any 
severity, whereas canopy dwelling populations may be 
unaffected by understory fires (Smith 2000). However 
these responses of bird communities to fire depend on 
the subsequent management, as the snags provide nest 
and foraging sites (Finch et al. 1997).
4.3. Colonisation
The colonisation of burned areas by birds is dependent 
upon both regional and local factors. On the local level, 
the nature of the pre-fire bird community (Wooller 
& Calver 1988, Pons & Prodon 1996), the post-fire 
habitat structure (Hobson & Schieck 1999) and the 
site tenacity of survivors (Pons et al. 2003a) are of 
importance as colonisation factors, while on the large 
scale the magnitude and proximity of population 
sources are important (Brotons et al. 2005). However, 
Brotons et al. (2005) suggest that local scale ecological 
processes may be more important than regional scale 
processes. Although, long distance colonisations are 
occasionally reported (Brotons et al. 2005), most 
colonisers are likely to come from neighbouring 
populations. Whenever abundance decreases, post-fire 
colonisation becomes less likely. Pons & Bas (2005) also 
reported biogeographical constraints on colonisation of 
new habitats created by fire.
Isolation and accessibility are important for re-
colonisation of an area. For example, when a fire affects 
previous heavily forested areas, birds of open habitats 
would have difficulty in colonising the sites unless areas 
with similar habitats were nearby (Brotons et al. 2005). 
Habitat heterogeneity is an important factor (Dunning 
et al. 1992) as it enhances colonisation by open habitat 
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Table 1: Comparison of effects of fire on birds in Mediterranean habitats. It should be noted that the fire variables of area 
extent, intensity, frequency and season frequently interact and should not be considered individually, but be taken together 
when determining the overall effects on bird populations.
Tabela 1: Primerjava tabela u~inkov ognja na ptice v sredozemskih habitatih. Parametrov po`ara (obseg, jakost, pogostost in 
obdobje leta) ne smemo obravnavati lo~eno od ostalih ampak le njihov skupni (kombinirani) vpliv na populacije ptic.
Short term trend/
Kratkoro~ni trend
Long term trend/
Dolgoro~ni trend
Site tenacity/
Vztrajanje na 
gnezdi{~u
Reproduction/
Razmno`evanje
Colonization/
Kolonizacija
Fire area extent/
Obseg po`ara
Fire intensity/
Jakost po`ara
Fire frequency/
Pogostost po`ara
Fire season/
Obdobje v letu
Forest and 
shrubland birds/
Gozdne in 
grmovne ptice
populations 
decrease, but do 
not always become 
extinct/
populacije upadajo, 
vendar vedno ne 
izumrejo
populations increase, 
species richness does 
not decrease/
nara{~a, vrstna 
diverziteta ne upada
a low percentage 
survives in remnants 
of bushes and 
because of high food 
availability/
nizek procent 
pre`ivi v ostankih 
grmovja zaradi dobre 
dostopnosti hrane
low reproduction due 
to less suitable habitat 
and behavioural 
change/
nizka produktivnost 
zaradi manj 
primernega habitata, 
kar je povezano s 
spremembami v 
obna{anju
no information 
available
large burned areas affect forest and shrub 
bird diversity negatively / velika obmo~ja 
po`ara vplivajo negativno na diverziteto 
gozdnih in grmovnih ptic
shrub birds are less negatively affected when 
small bushes remain in the larger burned 
area or when smaller areas of their habitat 
are burned/
ptice grmi{~ so manj prizadete, ~e na ve~jem 
pogori{~u ostane manj{e grmovje ali pa ~e so 
pogori{~a manj{a, sredi njihovega habitata
the smaller the forest fragments remaining 
after a fire, the larger is the negative effect on 
forest birds/ 
gozdne ptice so bolj prizadete, ~e so 
fragmenti gozda po po`aru manj{i
more intensive 
wildfires are more 
detrimental than 
prescribed burning/
intenzivni gozdni 
po`ari so bolj 
{kodljivi od 
na~rtovanih po`arov
fire frequency of once every 5 
years can maintain the habitat of 
shrub birds/
pogostost po`arov enkrat na 
pet let lahko ohranja habitat 
grmovnih ptic
fire frequency of once every 
15−29 years is maximal for 
maintaining the habitat of Grey 
Partridge Perdix perdix/
pogostost po`arov enkrat v 
obdobju 15−29 let vzdr`uje 
habitat jerebice Perdix perdix
fire during breeding 
season can be 
destructive/
ogenj med gnezdilno 
sezono je lahko 
destruktiven
“Wet” seasons affect 
habitat (bushes) less 
and are better for 
shrubland birds like 
Grey Partridge/
po`ari med 
“mokrimi” sezonami 
so bolj{i za vrste 
grmi{~nih habitatov 
(jerebica)
Open habitat 
birds/
Ptice odprtih 
habitatov
increase/
nara{~a
decrease, species 
richness decreases/
upada, vrstna 
diverziteta prav tako 
upada
no information 
available/
ni podatkov
no information 
available/
ni podatkov
mostly local 
colonization, 
few examples 
of regional 
colonization/
ve~inoma 
lokalna, nekaj 
primerov 
regionalne 
kolonizacije
large, evenly burned areas favour open 
habitat birds/
velika enakomerno po`gana pogori{~a 
pozitivno vplivajo na ptice odprtih habitatov
no information 
available/
ni podatkov
fire frequency of not more than 
once every 20 years, necessary for 
maintaining the habitat of open 
habitat birds/
pogostost po`arov enkrat na 20 
let za vzdr`evanje habitata ptic 
odprtih habitatov
fire frequency of prescribed 
burning once every 1 to 7 years, 
coupled with additional grazing, 
maintains the habitat of open 
habitat birds/
pogostost po`arov enkrat na 
1−7 let nadzorovanih po`arov 
z dodatno pa{o za vzdr`evanje 
habitatov ptic odprtih habitatov
fire during breeding 
season can be 
destructive/
ogenj med gnezdilno 
sezono je lahko 
destruktiven
References Izhaki & Adar 1997, 
Pons 1998, 
Pons & Bas 2005
Wilson et al. 1995, 
Artman et al. 2001, 
Pons 1999, 
Herrando et al. 2002a
Pons & Prodon 1996, 
Pons et al. 2003a
Herrando & 
Brotons 2002
Brotons et al. 
2005, 
Pons & Bas 2005
Novoa et al. 1998, Moreiri et al. 2003, 
Herrando et al. 2003, Pons & Bas 2005
Pons et al. 2003a Moreiri et al. 2003, 
Herrando et al. 2002a, 
Pons et al. 2003b
Smith 2000, 
Novoa et al. 1998
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species, as well as scrubland species which still find 
refuge in the scrubby and forested habitats from which 
they can colonise the area (Herrando et al. 2003). 
These findings suggest that the landscape context is an 
important factor in colonisation of a site.
Post-fire habitat quality and spatial extent are 
important in determining the suitability of the burned 
areas for colonisation (Pons & Bas 2005). However, 
re-colonisation in an Allepo Pine forest was found to 
be strongly tied to plant succession (Izhaki & Adar 
1997). Burned areas are regarded as second-choice 
habitats for scrubland species and more asymmetrical 
juveniles were found in burned areas than in unburned 
ones, although the origin of these juveniles was not 
known. The size of the burned areas is also important 
(Herrando & Brotons 2001). Larger burned areas 
have a higher probability of being discovered and of 
containing a suitable habitat. Large areas tend to have 
higher habitat diversity and, as a result, more bird 
species are able to find available niches (Pons & Bas 
2005).
Birds re-colonised a burned Allepo Pine forest just 3 
to 5 years after the fire (Izhaki & Adar 1997). The best 
colonisers of recently burned areas were generalists in 
terms of habitat structure (Pons & Bas 2005).
4.4. Emigration
The dispersal of birds after large fires has not been 
well investigated. Pons (2002) reported an increase of 
Sardinian Warbler Sylvia melanocephala at a ringing 
station two weeks after a huge fire 20 km away.
4.5. Site tenacity
Site tenacity here refers to local survival of the 
population. The plasticity of habitat use and nest 
selection by birds after an alteration of their habitat 
are mechanisms that allow site tenacity to occur 
(Winter & Best 1985, Brooker & Rowley 1991, 
Pons & Prodon 1996, Pons 2001, Pons et al. 2003a). 
Birds have been shown to exhibit these behaviours in 
several studies (reviewed in Smith 2000, Pons and 
Prodon 1996, Herrando et al. 2003). Site tenacity 
has been demonstrated especially for warblers with 
colour ringed birds (Pons et al. 2003a). 
Furthermore it was observed that birds can 
demonstrate a larger variation of nest site selection 
(Winter & Best 1985, Brooker & Rowley 1991). 
Winter and Best (1985) found that, as a result of 
reduced cover after a fire, Sage Sparrows Amphispiza 
belli bred not only in bushes but also began breeding 
on the ground. However this has not yet been reported 
from a European ecosystem.
Among some feeding guilds, such as foliage dwelling 
birds, site tenacity is impossible where foliage is almost 
completely burned (Pons 2001). However for birds 
from other feeding guilds site tenacity is probably 
the reason why, immediately after a fire, there is no 
dramatic decrease in abundance of these birds, and 
post-fire effects are therefore probably delayed (Pons 
et al. 2003a).
4.6. Local reproduction
After a fire, it is found that some breeding populations 
decline dramatically. It is suggested that the cause is a 
decrease in the recruitment rate and an increase in the 
proportion of non-breeders.
The Dartford Warbler Sylvia undata is usually 
unable to breed in the first year after a severe fire 
(Prodon & Lebreton 1983, Prodon et al. 1987, 
López & Guitian 1988, Sgardelis & Margalis 1992, 
Herrando et al. 2002a). Pons et al (2003a) saw 
that two adults of this species which previously had 
territories, but were no longer territorially active. A 
similar case is described for the Red Grouse Lagopus 
l. scoticus (Watson 1985). On the other hand, Smith 
(2000) reported that nesting success in a post-fire 
habitat depends on the pre-fire quality. In another 
habitat type, the Rocky Mountains, most nesting birds 
used broken-topped snags which were already present 
before the fire (Hutto 1995, Smith 2000).
5. Habitat and fire
One of the most obvious effects of fires is habitat 
modification, which affects birds through changes in 
food supply, or changes in abundance of competitors 
and predators (Rotenberry et al. 1995). These effects 
may be especially important because many birds 
respond strongly to habitat features (MacArthur 
& MacArthur 1961, Koplin 1969, Lovejoy 1974, 
Tomoff 1974, Willson 1974, Power 1975, James & 
Warner 1982, Rotenberry 1985). Fires reduce or 
destroy the organic soil layer (Urban~i~ 2002) that 
contains the bulk of the soil fauna (Mr{i~ 1997) and 
seeds.
Although large, intense burns greatly alter bird 
habitat in the short-term, they may be necessary for 
long-term maintenance of natural forest succession 
patterns of some forest types (Hejl et al. 1995, Hutto 
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1995). Plant species diversity on Kras is higher after 
fires (Bati~ 2001). Some insect- and plant-eating bird 
populations depend on such alterations in food and 
cover (Smith 2000). Prodon et al. (1987) showed that 
the recovery of bird populations in Mediterranean 
successions depended on how vegetation regenerated. 
Many species of deciduous trees and some shrub species 
in the sub-Mediterranean region show great ability to 
re-sprout from roots in the same season after a large 
fire (Bati~ 2001). Many oak species re-sprout after a 
fire and may recover quickly, even if top-kill occurs 
(Caprio & Zwolinski 1992, Barton 1995). Some 
oak species may need more sunlight than they would 
get in the shade of closed-canopy forests. Therefore, 
although fire may reduce the number of large oaks in 
the short-term, in the long-term, fire-created openings 
can be beneficial in maintaining oak as a landscape 
component (but see Barton 1995). 
The herbaceous and shrub layer are one of the 
important components in the vegetation for birds in 
Maritime Pine Pinus pinaster stands (Moreira et al. 
2003). After prescribed fire a modal growth occurred 
with maximum development of the herbaceous 
vegetation after ca. 3 years, and shrub development 
increased linearly with time after the fire. Five years 
after the fire, understory vegetation structure was 
similar to that in control plots (Moreira et al. 2003).
Besides food and cover changes, life history 
characteristics also influence the response of particular 
bird species to fire. Cavity-nesting birds, timber-
drilling birds, granivores, and some flycatchers 
generally respond positively to burns in the short 
term because of increased nesting substrates, such as 
snags for cavities and foraging and nesting resources 
(Blackford 1955, Stoddard 1963, Koplin 1969, 
Bock & Lynch 1970, Kilgore 1971, Granholm 1982, 
Raphael et al. 1987, Hejl et al. 1995, Hutto 1995, 
Finch et al. 1997, Blondel & Aronson 1999, Jur~ 
2001). Habitat suitability for woodpeckers declines 
over time as snags fall and food resources decrease 
(Koplin 1969, Bock et al. 1978, Raphael et al. 1987, 
Finch et al. 1997). 
Fire is a key mechanism of creating and maintaining 
habitat heterogeneity in Mediterranean landscapes, by 
turning continuous woody landscapes into mosaics of 
forest and shrubland (Herrando & Brotons 2002). 
Mediterranean landscapes periodically and frequently 
exposed to fires are characterized by a turnover of 
habitat types from grasslands to forests (Blondel & 
Aronson 1999) which replace each other in space and 
time like a “moving mosaic” (Moreira et al. 2001). 
Although fires reduce the cover of available habitat for 
Mediterranean forest bird species, they simultaneously 
create new landscapes where the remaining forest 
patches are suitable habitats for these species. However, 
the size of the forest patches is positively correlated 
with the species richness of the canopy birds, with the 
result that the patch size is important for promoting 
forest bird communities in Mediterranean landscapes 
(Herrando & Brotons 2002).
6. Food and fire
Although it is known that bird populations respond to 
changes in food availability (e.g. arthropods and seeds) 
caused by fire (Smith 2000, Moreira et al. 2003), not 
many studies deal with the direct relationship between 
the trend of bird populations and food availability in a 
post fire habitat (Herrando et al. 2005).
Fire causes a disastrous change in the composition 
of insect species and species richness (Moreira et 
al. 2003). Foliage insects, the main food source of 
insectivores in forested and bushy areas, decrease 
dramatically after wildfires (Swengel 2001, 
Herrando et al. 2005), although, in the unburned 
patches of bushes in the burned sites, foliage insect 
numbers were higher than in the adjacent unburned 
sites (Herrando et al. 2005). The loss of foliage insects 
was replaced by an increase in flying insects (Pons 
1998, Herrando et al. 2005). Also for hunters of 
ground-dwelling insect species, like shrikes, there will 
probably be a decline, since important food sources, 
like carabid beetles and other ground dwelling insects, 
are drastically reduced (Swengel 2001, Cook & Holt 
2005), although the population will never be reduced 
to zero (Swengel 2001). Colonisation of insects like 
carabid beetles occurred rapidly from underground 
and from long distances (Cook & Holt 2005). 
However the resilience of arthropods is likely to differ 
between different habitats. 
Although arthropod availability appears to be 
important for bird populations, Herrando et al. 
(2005) found that it was still high enough to sustain 
the pre-fire number of birds and that the reason for 
the decrease in bird populations in the first few years 
after a fire was therefore due to something other than 
decrease in food availability.
In several habitat types, seed accessibility increased 
after the fire (Dean 1987, Woinarski 1990) and, in 
consequence, there is often an influx of seed eaters. 
Some tree species adapt to this situation; directly after 
a fire Aleppo Pine releases dark grey-brown seeds, 
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whereas late-disperse seeds are a yellowish colour 
(Saracino et al. 1997). The greyish seeds were found 
to be less predated by birds on ash grey background, 
produced by fire, than on pre-fire yellowish background 
(Saracino et al. 2004). Therefore it can be argued 
that if the birds are favoured by the increase in seed 
availability if some seeds are less visible due to an equal 
coloured background. 
7. Effects of different fire variables
7.1. Area size
The size of a fire is highly important in influencing 
bird populations (Finch et al. 1997, Pons et al. 2003a). 
In the literature we found examples of small-scale fires 
(up to 18 ha) (Moreira et al. 2003, Pons & Bas 2005) 
and large-scale fires (more than 300 ha) (Herrando 
et al. 2003).
With small-scale fires the species abundance and 
species richness did not change dramatically (Moreira et 
al. 2003). In a mosaic landscape in the Pyrenees, the small 
size of the burned areas (patches of 0.9–16.5 ha) allowed 
habitat heterogeneity and high beta diversity, including 
both open habitat and forest species (Pons et al. 2003b).
For a ground dwelling bird, such as the Grey 
Partridge Perdix perdix, there should be cover in the 
surroundings and the area size should therefore not be 
large. Novoa et al. (1998) recommend a burned area of 
less than 5 ha, separated by patches of 10−15 ha.
On the other hand, large replacement fires exhibit 
a dramatic change in species composition from forest 
or scrubland species to those of open habitat (Pons 
& Bas 2005). As noted above, the larger burned areas 
may be more easily discovered and therefore more 
easily colonised (Brotons et al. 2005). However, bird 
diversity depends strongly on habitat heterogeneity 
within burned areas (Herrando 2001, Herrando et 
al. 2003, Pons et al. 2003b), which is a consequence of 
the spatial pattern of fire intensity. 
7.2. Intensity
Only one study takes the effect of intensity of fire 
into account by comparing wet and dry fires, i.e. 
fires with high and low intensity (Novoa et al. 1998). 
Most wildfires have a greater intensity than prescribed 
burning, so we compare the differences between 
wildfires and prescribed burning as rather than 
intensity differences.
Novoa et al. (1998) found that Grey Partridges were 
more affected by the burning of brood habitat by dry 
fires than by wet fires. The habitat for nesting hens and 
nestlings contains a large cover of two vegetation layers 
providing protection against predators (0.05−0.25 m 
and 0.25−0.50 m), these suitable habitat recovers after 
more then eight years while the 3 week old broods, 
need less cover of shrubs and their habitat can therefore 
already recover after five or six years.
The local survival of some bird species tended to be 
more affected by wildfire than by prescribed burning 
(Pons et al. 2003a). Other studies had found that 
prescribed burning has a relatively low impact on 
bird communities (Bock & Bock 1983, Petersen & 
Best 1987, Pons 1998) – but see Robertson & Jarvis 
(2000). The replacement of shrubland by grassland 
does not always mean an increase in erosion (Garcia-
Ruiz et al. 1996). Prescribed burning can be used to 
eliminate the aerial shrub layer without burning the 
grass, thus preventing erosion in mountain areas 
(Pons et al. 2003b). 
On the other hand, stand replacement fires, which are 
often more intense, result in the pre-fire species being 
replaced by new species (Hutto 1995). In contrast, 
cool understory burns in forests have little effect on 
the canopy species composition (Horton & Mannan 
1988).
7.3. Frequency
Only five studies considered the frequency of fires 
when studying at their effect on birds (Novoa et al. 
1998, Herrando & Brotons 2002, Herrando et al. 
2003, Moreira et al. 2003, Pons et al. 2003b).
At the landscape level, Herrando et al. (2003) 
suggest that the wildfire frequency should be 
approximately once 20 years. This is favourable for 
open habitat birds when there is a nearby population 
from where the burned area can be colonised.
The consequences of a fire in a Mediterranean 
landscape that affected mainly understory vegetation 
height and cover – an important feature for birds 
– were studied at the local level (Moreira et al. 
2003). After five years the vegetation cover and bird 
abundance had recovered. For particular species the 
recovery time may be longer, for instance for the Grey 
Partridge the frequency of fires should not exceed one 
every 15−29 years (Novoa et al. 1998).
In Railleu, France, the preferred management for 
open habitats is a moderate burning of the shrubland 
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followed by cattle grazing, repeated at intervals of 1 
to 7 years. This proved to be sustainable for the plant 
community (Rigolot et al. 2002) and beneficial for 
bird conservation (Pons et al. 2003b).
7.4. Time of the year
A spring fire during the breeding period is the most 
destructive for birds (Ward 1968, Erwin & Stasiak 
1979, Smith 2000). Ground-nesting birds are especially 
vulnerable to spring fires (Smith 2000). Bird nest site 
selection, territory establishment and nesting, among 
others, can be affected by the season of fire (Smith 
2000).
Birds can also be affected indirectly by the season of 
the fire. In areas with contrasting wet and dry seasons, 
as in Australia, the season of the fire can dramatically 
alter the bird community (Valentine et al. 2007). 
The season influences the intensity of the fire and 
therefore the post-fire habitat. On Kras, precipitation 
increases slightly in the second part of the year, but still 
reaches less than 200 mm a month (ARSO 2007). In 
this situation of very low precipitation throughout the 
year it would nevertheless be interesting if the seasons 
affected the post burned habitats differently.
8. Concluding remarks and discussion
Local populations can be affected severely by fire and 
may suffer from increased mortality and decreased 
reproduction and recruitment. Bird community 
succession is the result of an assembly of responses 
of species to a variety of environmental factors that 
go further than simple changes in the local habitat 
(Herrando & Brotons 2002, Herrando et al. 2003, 
Herrando et al. 2005). Bird populations often decline 
after scrubland fires, but decline may be offset by 
populations that rebound if the fire spread is patchy, 
leaving some areas unburned, and if species usually 
associated with grassland communities invade the 
burn (Smith 2000). The consequences of wildfires are 
not necessarily detrimental and can even enhance the 
bird diversity. Increases in the number of open area 
species and of species abundance have been reported. 
In southern Europe, burned areas appear to be very 
important for decreasing and vulnerable bird species 
(Prodon 1987, Pons & Bas 2005). Geister (1999) also 
found an increase in a few species that are declining in 
Europe in recently burned areas of Kras. Furthermore, 
fires usually help to maintain the open Mediterranean 
landscape.
Wildfires often exhibit completely different 
behaviour from that of prescribed fires. The latter are 
often less intense and have therefore less deleterious 
impact than wildfires. This has to be taken into 
consideration when comparing the value of the two. 
Furthermore most of the research reviewed here was 
carried out on a Mediterranean landscape, which 
has a long fire history. Kras has a sub-Mediterranean 
landscape that is sensitive to fire, although this 
disturbance does not occur regularly. Bird responses 
to fire are known to have biogeographical constraints.
Most of the impacts have been assessed by 
examining the situation found after a fire. Simple 
aspects of fire type, area or intensity are still poorly 
understood (but see Novoa 1999), although we have 
tried to assess them in this review. Within a wildfire 
these elements always interact and it therefore becomes 
difficult to draw firm conclusions. In addition, checks 
on the various aspects, pre-fire assessments and control 
measurements are often lacking. There is a need for a 
proper experimental design to address this problem.
In this review the underlying assumption has been 
made that the regenerated post-fire habitat is similar 
to the pre-fire habitat. Nowadays some plant species 
invade ecosystems and alter them by out competing 
native species. Burned areas can be perfect areas for 
invasion, due to a lack of natural enemies or biotic 
resistance. For example a North American tree, the 
False Acacia Robinia pseudoacacia is colonising certain 
areas in Slovenia and starting to dominate burned 
areas. It is therefore important to predict the responses 
of bird populations to such a habitat alteration.
Another gap in research relates to population 
dynamics and, in particular, the difficult study of 
emigration after a fire. Where do the birds go? Do they 
come back or is the population lost forever?
The need for proper management to recreate open 
areas and, by this, to increase the biodiversity of Kras, 
makes it important to take every possible management 
tool into account. Although fighting fire with fire is 
literally a hot topic, this review suggests that the 
consequences for birds are mainly not detrimental. 
However it should to be emphasized that only birds 
have been taken into account. This suggests that more 
research should be carried out on invertebrate taxa, 
as these are often under-represented in the literature, 
and by this to come to a better insight into the 
consequences of fire for the ecosystem.  
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9. Povzetek
Pregledni ~lanek obravnava odziv ptic na po`are 
v naravi v submediteranskih obmo~jih in njihovo 
morebitno uporabo kot orodje za upravljanje naravnih 
obmo~ij na Krasu (JZ Slovenija). Kras je bil pogozden 
s ~rnim borom Pinus nigra, na ostalih delih pa se 
intenzivno zara{~a, zaradi ~esar je ranljiv za po`are. 
Ta polo`aj je zna~ilen tudi za ostale submediteranske 
regije, kar drasti~no vpliva na diverziteto ptic. Smrtnost 
ptic med po`ari je nizka. Prvih nekaj let se diverziteta 
vrst in {tevi~nost zmanj{ujeta, sestava vrst pa se hitro 
spreminja, od ptic odprte krajine h grmovnim vrstam. 
Ptice kolonizirajo pogori{~a le, ~e je v bli`ini primerna 
izvorna populacija. Ve~ja pogori{~a so kolonizirana 
hitreje kot manj{a. Veliko vrst se odseli, nekaj vrst 
pa novim razmeram prilagodi velikost teritorija ter 
gnezditveno in prehranjevalno obna{anje. Populacijska 
dinamika se spremeni v odvisnosti od velikosti 
spremembe habitata in dostopnosti hrane. Sestava 
vrst ptic se spreminja so~asno s sukcesijo vegetacije. 
^lanek obravnava u~inke razli~nih parametrov po`ara: 
velikosti pogori{~a, intenzitete, pogostosti in sezone. V 
splo{nem ugotavlja slabo raziskanost odseljevanja ptic 
z obmo~ja po`ara. Vplivi po`arov niso vedno negativni 
in je pomembno raziskovati njihovo uporabo kot 
orodje upravljanja.
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